Total shoulder arthroplasty (TSA) has been shown to reduce pain and to improve function and patient satisfaction. However, preoperative factors predicting poor outcomes remain relatively unexplored. With the increasing popularity of shoulder arthroplasty and a growing aging population that desires to remain active, the volume of TSAs increased by 534% from 2000 to 2010 in the United States. 24 As surgeons' experience with both anatomic TSA and reverse TSA (RTSA) expands to include predictable improvements in range of motion and overall quality of life, surgical indications for shoulder arthroplasty have shifted from primarily glenohumeral osteoarthritis (OA) to now include rotator cuff arthropathy (CA), irreparable rotator cuff tears, and proximal humerus fractures. 35 These expanded surgical indications along with an increased number of insured patients since the advent of the Affordable Care Act have contributed to a higher prevalence of arthroplasty patients with preoperative risk factors for costly care under hospital quality metrics. 27 With the shift toward delivery of cost-efficient care through bundled payments and outcomes-based reimbursements, it is important for health care providers to consider risk factors that predict readmissions and postoperative complications.
Institutional Review Board approval is not required for this retrospective cohort study.
The expanding surgical indications for TSA point to the growing diverse population of patients, pathologic processes, and comorbidities that uniquely affect recovery. For example, patients requiring TSA for revision as opposed to OA or CA have significant differences in inpatient hospital outcomes and risks for surgical site infection (SSI). 32 Prior studies have suggested that complication rates are higher in patients undergoing revision compared with primary TSA as previous soft tissue disruption may be linked to poor arthroplasty outcomes, such as instability, infection, and nonunion after fracture. 3, 32 Even in comparing patients presenting for revision TSA, the cause of revision, whether component loosening or pain, may predict better outcomes than in revisions performed for infection. The increasing rate of shoulder arthroplasty procedures will increase the need for revision surgery, and thus it is even more important to understand factors that contribute to poor outcomes. Health care economics prioritizes patient satisfaction with costeffective care. The literature is still unclear about the role of rotator cuff disease as it compares with arthroplasty outcomes for OA and proximal humerus fractures. In assessing preoperative risk factors and hospital course, the role of primary OA, CA, and fracture as modifiers to the postoperative TSA rehabilitation protocol is unclear. 26 Studies have shown that readmission rates for pulmonary embolism (PE) after discharge for TSA are comparable to those after hip arthroplasty. 9, 31, 38 Comparison of length of stay, discharge destination, readmission, infection, and postoperative thrombosis and transfusion rates between patients is important, especially for elderly patients who may benefit from early active rehabilitation and restoration of autonomy as quickly as possible. Moreover, identifying differences in outcomes between surgical indications may minimize the potential for future revision surgery in patients who may benefit from nonoperative treatment.
With the Centers for Medicare and Medicaid Services and Hospital Readmissions Reduction Program creating penalties for postoperative readmission, providers should be aware of patient comorbidities and indications that predict adverse outcomes. Many patients with newly acquired access to health care have increased risk factors for poor outcomes because of the relatively high rates of smoking status, pulmonary disease, and vascular disease. 8 By understanding the role of surgical indications in postoperative outcomes, providers can better stratify and plan for the preoperative management and prevention of complications in at-risk patients that would fall outside a bundled payment model. In identifying OA, CA, fracture, and revision surgery as independent risk factors for increased hospital stay and short-interval postoperative complications, providers can better educate and inform patients on expectations of outcomes and time to discharge according to the primary diagnosis.
Methods
All TSAs from 2014 to 2016 were queried from the American College of Surgeons National Surgical Quality Improvement Program (NSQIP) database. The NSQIP database includes deidentified perioperative data and patient information from >600 hospitals nationwide ranging from small community hospitals to large tertiary academic centers. Clinical information is gathered by trained data reviewers prospectively collecting perioperative information on site through outpatient clinic visits, inpatient provider notes, and direct interviews. 16 During the years 2014-2016, there were 274 collected variables identified for surgical patients; these included demographics, elective status, discharge destination, preoperative laboratory values, operative time, intraoperative complications, and 30-day postoperative complication and readmission rates. All surgical patients who underwent primary TSAs from 2014 to 2016 with preoperative OA, CA, and proximal humerus fractures as indications for operation were identified and selected with International Classification of Diseases codes and Current Procedural Terminology (CPT) code 23472, which included both anatomic TSAs and RTSAs. Revision TSA cases involving either the humeral or glenoid component were identified with CPT codes 23473 and 23474. Etiologic factors for revision TSA were identified through International Classification of Diseases codes and included dislocation, loosening, infection, fractures, stiffness, rotator cuff disease, and pain. Age, sex, body mass index (BMI), diabetes status, smoking status, steroid use, American Society of Anesthesiologists (ASA) class, operation time, and elective surgery status were compared to assess baseline characteristics. 20, 22 Patients with routine intake of oral or parenteral corticosteroids or immunosuppressant medications within 30 days before surgery were categorized into the steroid group, whereas patients who smoked only cigarettes at any point within the past year before surgery were part of the smoking cohort. Short-interval postoperative complications, including dislocation, readmission rate, nonroutine discharge, return to the operating room (OR), SSI, PE, deep venous thrombosis (DVT), bleeding requiring red blood cell transfusion, pneumonia, renal insufficiency, cardiac arrest, myocardial infarction, and urinary tract infection, were compared using bivariate and multivariate binary logistic regression. Discharge destination was dichotomized to routine (home) or nonroutine, which included rehabilitation and other care facilities. Reasons for readmission within 30 days of surgery included dislocation, infection, bleeding, pain, thrombosis, pneumonia, urinary tract infection, and cardiac complications. In the cohort of patients who were readmitted, bivariate logistic regression analysis was used to compare surgical indication and reason for readmission. Multivariate binary logistic regression analyses were conducted to determine whether surgical indications of OA, CA, fracture, and revision were independent risk factors for postoperative complications. Regressions were adjusted for age, sex, elective status, BMI, diabetes status, smoking status, and steroid use and reported as odds ratios in relation to the 95% confidence interval. Postoperative time to discharge between surgical groups was analyzed by univariate analysis of variance with Tukey test for multiple comparisons. Statistical significance was defined as P < .05 using SPSS software version 23.0 (IBM Corp., Armonk, NY, USA).
Results
From 2014 to 2016, a total of 8614 patients undergoing TSAs were included in the study, including OA in 76% (n ¼ 6570), CA in 8.40% (n ¼ 725), fracture in 7.50% (n ¼ 646), and revision in 7.80% (n ¼ 673; Table I ). Compared with OA, CA patients were more likely to be older (70.60 vs. 68.60 years), to be ASA class 3, to undergo shorter operative times, and to be diabetic (all P values < .004; Table II ). Compared with both OA and CA, fracture patients were more likely to be older and female, to be smokers, to be ASA class 3, to undergo longer operative times, to be diabetic, and not to have elective surgery (all P < .024). Patients undergoing revision TSA were more likely to be younger, to have lower average BMI, to be smokers, to be ASA class 3, to have longer operative times, to be diabetic, and not to have elective surgery (all P < .013) compared with patients undergoing primary TSA for OA and CA. Patients undergoing primary TSA for fracture were more likely to be older, female, ASA class 3, and diabetic and not to have elective surgery (all P < .05) compared with revision patients. There was no difference in steroid use between the various surgical indication groups.
After controlling for age, sex, BMI, smoking, steroid use, ASA class, diabetes, and elective status in adjusted multivariate logistic regression analysis, CA patients were more likely to have postoperative SSI and DVT compared with OA patients (P ¼ .007, .001; Table III ). Compared with OA and CA patients, fracture patients were at a greater risk for readmission, postoperative dislocation, nonroutine discharge, return to the OR, SSI, PE, and postoperative bleeding requiring transfusion (P < .022; Tables IV-VI). Patients undergoing revision TSA were at a greater risk for readmission, postoperative dislocation, return to the OR, SSI, DVT, and postoperative bleeding requiring transfusion compared with primary OA and CA patients (P < .013; Table VII) . Compared with revision, fracture patients were at a greater risk for nonroutine discharge and postoperative bleeding requiring transfusion, but no statistically significant difference was seen in readmission, dislocation, SSI, or DVT rates (Table VIII) .
Among patients undergoing revision TSA, the most common reason for revision was prosthetic loosening (31.95%), followed by dislocation (12.78%) and infection, fracture, and rotator cuff disease (5.94%). Patients who underwent revision TSA for a primary diagnosis of infection were more likely to experience postoperative SSI (P < .001), whereas those undergoing revision with a primary diagnosis of dislocation were at a greater risk for postoperative DVT (P ¼ .018; Table IX) . In comparing only patients who were unexpectedly readmitted within 30 days of surgery, revision patients were at a greater risk for readmission for infection compared with OA and CA (P ¼ .012) and fracture patients (P ¼ .008; Table X ). Among readmissions, CA patients were more likely to experience readmission for cardiac complications compared with OA patients (P ¼ .028).
Time from operation to discharge was 1.75 days in OA, 1.88 days in CA, 2.66 days in fracture, and 2.04 days in revision (Fig. 1 ). Mean differences in discharge time were statistically significant between fracture and all other surgical indications (P < .001). Revision patients had a longer time to discharge compared with OA patients (P < .001).
Discussion
As the landscape of health care economics shifts toward bundled outcomes-based reimbursements, providers must be aware of the differences in TSA postoperative outcomes to be expected between various evolving surgical indications. Patient demographics and associated risk factors are unique to each surgical indication group and affect the recovery process differently. 5 Understanding the risks of adverse outcomes, such as DVT and SSI, is important in our population of aging patients with multiple comorbidities and is the initial step in being able to achieve cost-effectiveness and better use of resources.
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In comparing baseline characteristics between OA, CA, fracture, and revision, surgeons can better inform patients in the consent process and plan for interdisciplinary medical optimization of fracture patients, who are typically older, have a higher ASA class, and are more likely to have diabetes compared with OA and CA patients. The higher percentage of female patients in the fracture group and longer average operative times compared with OA and CA are characteristics that are likely to reflect poor bone stock and surgical technical difficulties of which the surgeon should be aware in predicting future clinical outcomes. 37 Whereas there is limited and conflicting literature comparing hemiarthroplasty, internal fixation, and TSA for proximal humerus fractures, our findings of high percentages of ASA class 3, diabetics, and long operative times indicate the importance of counseling fracture patients that short-term TSA complications may reflect comorbidity rather than procedural outcomes. 7 The high rates of smoking and younger age of revision patients must be considered in planning for postoperative rehabilitation protocols as smoking has been linked to prosthetic loosening, wound infections, and increased risk for further revision. 34, 36 The younger age of revision patients in this study is consistent with other studies that found increased risk of revision and primary arthroplasty failure in younger patients. 12, 14, 34, 36 Although the etiology is still unclear, the increased activity level and complex pathologic process, such as inflammatory arthritis, post-traumatic arthropathy, or capsulorrhaphy arthropathy, seen in younger patients are thought to contribute to increased implant failure rates compared with the elderly. 12, 34 Previous reports have found revision arthroplasty outcomes inferior to outcomes after primary shoulder arthroplasty due to soft tissue injury, and this study warrants further discussion and education between the surgeon and young arthroplasty patients about careful postoperative rehabilitation and medical optimization.
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Whereas the long-term functional improvements and reoperation rates in CA patients after RTSA remain unclear, there have been no comparisons of short-term complications between OA and CA patients despite the fact that OA and CA represent a majority of arthroplasty indications. 19 Previous reports have found CA associated with pseudoparalysis, anterosuperior escape, and comorbid conditions such as cervical radiculopathy to correlate with poor functional improvements. 21 The greater risk of DVT and SSI in CA patients compared with OA patients should be considered for modifications to the postoperative rehabilitation protocol as patients are more likely to report index procedure dissatisfaction with unexpected inability to return to daily functioning. 30 Although studies have shown CA to be a risk factor for revision surgery and failure to achieve American Shoulder and Elbow Surgeons minimal clinically important difference compared with OA, this study further expands the need to consider DVT and SSI in evaluating outcomes-based care. Guidelines for perioperative mechanical or chemical prophylaxis for thrombosis after shoulder arthroplasty have not been established but are important in preventing unexpected prolonged hospital stays and revisions. 1 These unexpected outcomes are especially important to consider in fracture patients, who require extensive interdisciplinary postoperative care because of increased risk for readmission, postoperative dislocation, nonroutine discharge, return to the OR, SSI, PE, and postoperative bleeding requiring transfusion. Increased risk of nonroutine discharge, blood loss, and return to the OR compared with OA and CA suggest poorer return to independent mobility and activities of daily living with increased hospitalization costs. 17 Previous studies have found revision arthroplasty groups to have worse functional outcomes and greater risk for postoperative complications compared with primary arthroplasty. 3, 6, 10, 11, 32 In our study, revision patients were at a greater risk for readmission, postoperative dislocation, return to the OR, SSI, DVT, and postoperative bleeding requiring transfusion compared with primary OA and CA patients. Prior soft tissue mobilization and rotator cuff manipulation are thought to affect prosthetic implant stabilization and may play a role in the increased dislocation, infection, and bleeding rates seen in revision patients. 28 Among revision patients, TSA for prior dislocation is a risk factor for postoperative DVT as implant stabilization must be carefully balanced with early return to activity. Dislocation, loosening, instability, and infection are common revision causes that may be due to the increased rate of Cutibacterium (formerly Propionibacterium) acnes colonization of the shoulder and implant. 29 Among revision patients, infection as an etiologic factor was significantly associated with increased postoperative SSI, highlighting the importance of careful intraoperative and postoperative measures to prevent reoperation and site bleeding. OA, osteoarthritis; CA, cuff arthropathy; OR, operating room; SSI, surgical site infection; PE, pulmonary embolism; DVT, deep venous thrombosis; N/A, not applicable. Significant differences (P < .05) are indicated with bold text. RTSA has become an increasingly popular option for treating proximal humerus fractures in the elderly as the need for cuff integrity and anatomic tuberosity healing is minimized. 18 However, short-term adverse outcomes are important to consider in this older, female population with inherent risks of anesthesia because compromised vascularity and poor bone quality may necessitate revision surgery. 13 Whereas treatment of proximal humerus fractures varies between conservative management, hemiarthroplasty, and TSA, the increased risk of nonroutine discharge compared with revision patients predicts poorer return to independent mobility and increased costs that should be balanced with lifestyle considerations. In this study, fracture patients are at an increased risk of postoperative bleeding requiring transfusion, which is consistent with prior reports of hematoma and instability after arthroplasty. 2 Time from operation to discharge in fracture patients is significantly longer compared with the other surgical groups, and these associated increased hospitalization costs should be recognized and made clear to patients during preoperative planning.
There are limitations to be considered in using the NSQIP database despite the large number of patients and variables included. Complication rates are limited to 30-day outcomes, and although the use of RTSA is becoming more prevalent, CPT code 23472 was not able to separate reverse from anatomic arthroplasty.
However, previous studies have found both anatomic TSA and RTSA to have similar complication rates, revision rates, and patientreported outcomes, and this study focuses on short 30-day hospital quality metrics. 15, 23, 33 Conclusions Overall, this study provides evidence that surgical indication is an independent risk predictor for postoperative readmission, dislocation, nonroutine discharge, postoperative outcomes, and increased time to discharge. Understanding of surgical risk factors is important not only for managing patients' expectations but also for identifying indications that predict costly complications and adverse outcomes. With new outcomes-based reimbursement models, nonroutine discharge and increased discharge time in proximal humerus fracture patients should be considered in arthroplasty planning.
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